Unfortunately, these trends also hold for young adults and children. The CDC reports that the motorcyclist death rate for the 12-to-20 age group was 0.52 per 100,000 population in 1999 and increased to 0.99 per 100,000 population in 2007, the last year of available data, representing an 90% increase (Centers for Disease Control and Prevention-WISQARS (Web-based Injury Statistics Query and Reporting System). In a recent review of trends in hospitalized traumatic brain injury (TBI) from a national sample, Bowman, Bird, Aitken, and Tilford reported a significant increase in teenage male TBI hospitalization rates from 1998 to 2005 an increase over the study period (Bowman, Bird, Aitken, & Tilford, 2008) .
This paper describes more fully and compares the national burden of motorcycle injuries and motorcycle-related TBIs in both traffic and nontraffic domains. This study also discusses in detail the burden of TBI, not only in terms of narrower age specific incidence, but in terms of charges, costs, and long-term outcomes that have not been reported in this level of detail for motorcycle injured youth in a nationally representative dataset. A shorter version of this study has been published in the December 2010 issue of the journal Pediatrics volume 126(6) pages 1141-8.
Methods
For our study, retrospective data were obtained from the 2006 Kids' Inpatient Database (KID) developed as part of the Healthcare Cost and Utilization Project (HCUP) sponsored by the Agency for Healthcare Research and Quality (AHRQ) . The University of Pittsburgh Institutional Review Board categorized this as an exempt study since it used an unlinked public database without individual identifiers.
The KID contains both patient (demographics and clinical data) and hospital-level data. The 2006 KID includes data drawn from 38 State hospital inpatient databases for children 20 and younger from 3,739 community non-rehabilitation, non-Federal hospitals. The sample contains 3,131,324 unweighted pediatric discharges (Agency for Healthcare Research and Quality, 2008) . Systematic random sampling was used by AHRQ to construct the KID by selecting 10% of uncomplicated births, and 80% of complicated pediatric cases, including complicated births, from each hospital in the sampling frame (Agency for Healthcare Research and Quality, 2008) . For national estimates, the data are weighted and most analyses reported in this paper (except where indicated) are weighted estimates. Analyses were performed using the survey analysis options in the software Stata 10.0 (from StataCorp LP, College Station, TX) and SAS 9.1 (from SAS Institute Inc., Cary, NC Cases were first selected for ages 12 to 20. We used this 9-year age range, unlike most studies that examine youth in 5-year age groups up to age 19, because many State motorcycle helmet laws require youth 20 and younger to wear helmets even when people 21 and older are exempt from helmet requirements. The lower age bound was chosen because of the sharp rise in incidence observed for cases beginning at age 12 and because below age 12 the cell sizes were often too small to analyze. There were 1,731,062 weighted discharges for youth 12 to 20 years old.
Motorcycle injuries were selected on the basis of International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) E-code matrix groupings (E810-E819, traffic) and (E820-E825, non-traffic) with a fourth digit of .2 indicating a motorcyclist or .3 indicating a motorcycle passenger. Analyses were done on the combined population of drivers and passengers, hereafter referred to as riders. Although predominately made up of typical streetregistered motorcycles, these ICD codes can also include motorized bicycles (mopeds), scooters, and mini-bikes that may or may not be registered in different States. "Traffic" crashes are those that occurred on a public highway. By ICD coding guidelines, a motor vehicle crash is assumed to have occurred on the highway unless another place is specified, except in the case of crashes involving only off-road motor vehicles, which are classified as non-traffic crashes. These codes exclude off-road vehicles that are not motorcycles, such as ATVs that have been described by others for 1997 and 2000 versions of the KID (Killingsworth et al., 2005) . Two cases with ambiguous traffic status because of a separate E-code within each traffic category were set to missing traffic status and one case with an E820.2 (indicating a non-traffic crash involving a motor-driven snow vehicle as a motorcyclist) was dropped. The core patient discharge file was merged with the hospital file to include hospital characteristics for each case. Diagnoses and procedures were grouped using the Clinical Classifications Software (CCS) for ICD-9-CM. CCS combines individual ICD-9-CM diagnosis and procedure codes into broader diagnosis and procedure categories (Agency for Healthcare Research and Quality).
Traumatic brain injury was defined and selected on the basis of a TBI-related diagnoses in any of the first 10 diagnosis fields in accordance with ICD codes specified by the CDC TBI surveillance case definition (Butler & A., 2001 (Selassie et al., 2008) . Disability was defined in their model as "having 1 or more of the following: (a) functional limitation in at least 1 of the ADLs (activities of daily living); (b) significant post-injury symptoms that limited activities; (c) significant cognitive complaints, that is, scores that were 2 SDs above the population norm (≥22.2); or (d) significant problems in mental health, that is, scores that were 2 SDs below the population norm (≤30)" (Selassie et al., 2008) . A detailed description of the approach used to develop the probability model for long-term disability can be found in the study by Selassie et al (Selassie et al., 2008) . Injury severity was calculated using the algorithms of the ICD Programs for Injury Categorization (ICDPIC) provided by the American College of Surgeons, which translates ICD diagnosis codes into "abbreviated injury scores" (AIS) and "injury severity scores" (ISS) (Clark, Hahn, & Osler, 2008) .
Because our primary aim was to measure the overall burden of injury, for most analyses we included all cases regardless of discharge status in the database because we wanted to capture the costs of multiple admissions. However, for the incidence and long-term disability estimates, in order to avoid duplicate counts because of hospital transfers, patients who were discharged to another short-term care facility were excluded, consistent with the approach of other population-based hospitalization studies (Bowman et al., 2008) . Cost-to-charge ratios were used to estimate the actual hospital medical costs, in addition to hospital charges, the latter of which only represent the billing amounts and not the reimbursements costs actually received.
Using these definitions, among youth 12 to 20 there were a total of 186,734 injuries with a mechanism specified (all types) and among all types 34,779 (18.6%) were TBI-related. From these discharges the motorcycle-related cases were subsetted and examined.
Results
The national population estimate for all motorcycle-related hospital discharges for the age group 12 to 20 in 2006 was 5,662 (95% CI, 5,201-6,122) (Table 1) representing 3.0% of all injuries in this age group. Seven percent (95% CI = 6.3%-7.5%) of the weighted, motorcycle-related discharges were reported as motorcycle passengers. Males were predominant, comprising almost 90% of the discharges. About half the cases were in the 18-to-20 age group (50.2%, 95% CI = 47.9%-52.4%), followed by the 15-to 17-year-olds (31.7%, 95% CI = 30.1%-33.4%) and the 12-to 14-year-olds (18.1%, 95% CI = 16.3%-19.8%). Most patients were routinely discharged home (82.9%, 95% CI = 81.4%-84.5%) but 6.1% (95% CI = 5.2%-6.9%) were transferred to rehabilitation or skilled nursing facilities, and 1.6% (95% CI=1.2-2.1%) or 91 (weighted) cases died.
The leading principal diagnoses were fractures of the lower limb (29.2%, 95% CI=27.6%-30.8%), intracranial injury (17.0%, 95% CI= 15.7%-18.3%), crushing injury or internal injury (14.0%, 95% CI=12.8%-15.1%), and fractures of the upper limb (12.3%, 95% CI=11.1%-13.5%) ( Table 2 ).
There were also 91 (95% CI=67-114) spinal cord injuries reported. Table 3 shows the facility characteristics, procedures, and payer. Only 4.4% (95% CI=2.9%-5.9%) of the discharges were from a freestanding children's hospital. Private insurance did not cover 35% of the cases.
Two-thirds of the discharges were traffic-related (67.8%, 95% CI = 65.2%-70.4%) with the 18-to 20-year-olds having the highest proportion of traffic-related discharges (82.1%, 95% CI = 74.7%-89.4%) and the 12-to 14-year-olds having the lowest (46.7%, 95% CI = 39.3%-54.1%) (not shown). Trafficrelated injuries were generally more severe as evidenced by a higher length of stay, higher mean charges and costs, higher mean number of procedures, higher percentage of cases in the severe ISS category, greater likelihood of an intracranial injury diagnosis, and a higher inpatient mortality rate (Table 4) .
With transfers to short-term-stay hospitals excluded to reduce double counting, the overall incidence rate of motor- cycle-related discharges for youth 12 to 20 was 14.5 (95% CI 12.1-17.1) cases per 100,000 people. The overall TBI incidence rate was 4.6 (95% CI 3.7-5.5) per 100,000 people, increasing over age from 2.2 (95% CI 1.5-2.8) among 12-year-olds to 7.1 (95% CI 5.9-8.2) among 20-year-olds. The rate of non-traffic motorcycle crashes varied little by age, whereas the rate of traffic-related crashes began to rise at age 15 (5.7/100000 (95% CI 4.6-6.7) and continued rising to age 19 to 22.2/100,000 (95% CI 19.4-25.0) (not shown).
About one-third of the discharges involved a TBI diagnosis (31.7%, 95% CI=28.8%-34.5%) ( Table 5) . One-half of the TBI discharges were in the 18-to 20-year-old age group. Figure 1 shows the distribution of TBI discharges by single year of age. The mean length of stay was over 2 days longer for TBI discharges, 6.3 versus 4.1 days. TBI discharges were 7% more likely to be traffic-related; 72.4% versus 65.7%. The charges and costs were significantly higher among TBI discharges. TBI-related discharges were twice as likely to be discharged to skilled nursing facilities, 5 times more likely to be discharged to other rehabilitation facilities, and over 8 times more likely to die in the hospital. Rate/100,000 *Excludes patients who were discharged to another short-term care facility
The probability of long-term TBI-related disability among TBI cases by age is shown in Figure 2 . The probability of long-term TBI-related disability among TBI cases was 0.24 overall (95% CI= 0.22-0.26) and 0.26 (95% CI=0.24-0.29) for traffic cases and 0.17 (95% CI=0.14-0.21) for non-traffic cases (not shown). Probability by age of TBI-related disability among TBI cases* for youth motorcycle crashes, 2006. For all motorcycle injuries (TBI and non-TBI), the CDC's Web-Based Injury Statistics Query and Reporting System (WISQARS), which excludes in-hospital fatal injuries, reports a national estimate of 6,315 transferred/hospitalized traffic and non-traffic "motorcycle" cases age 12 to 20 for 2006, or a rate of 16.35 per 100,000 people. Our estimate of 14.5 per 100,000 was slightly lower than the estimate from the National Electronic Injury Surveillance System (NEISS). This may be explained by incomplete E-coding in the KID data, subtle differences in coding classifications or sampling, and sample variation (NEISS is based on reports from only 60 hospitals). But it suggests the sensitivity of the KID database for motorcycle injury is quite reasonable. Overall, the estimates from these data sources are not widely different, which validates the use of KID, an administrative database, as a good source of motorcycle morbidity in U. S. youths. The KID data have much less variability than previous hospital discharge-based reports and comprise a much richer data set compared to injury surveillance systems based on smaller samples. This allows for a better understanding of different injuries, diagnoses, procedures, and health care patterns by narrower age and other groupings.
There were several limitations to this study. We used ICDPIC to assign severity scores rather than actual AIS coding. Because we relied on secondary administrative data, no assessment of the underlying accuracy and completeness against the medical record was possible. While overall E-coding completeness in 2006 from the States supplying data to the KID has improved to over 90% (personal communication, AHRQ, April 2009), some underassessment of motorcycle injury was possible. It is important to note the lack of detail regarding the vehicle type inherent in ICD-9 external cause coding, as this code also includes motorized bicycles (mopeds), scooters, and mini-bikes that may or may not be registered. It is also possible that we underestimated TBI, as Shore, McCarthy, Serpi, and Gertner have shown some underreporting, especially of mild TBI, in hospital discharge data (Shore, McCarthy, Serpi, & Gertner, 2005) . As in other hospital discharge data-based studies we could not detect cases who died before their hospitalization or were not admitted as inpatients. Another limitation is that no data on patient helmet use was available from hospital discharge data. Last, we have no data on any exposure indices for the youth in this study so exposure based risk (e.g., ownership levels, registration rates, licensing, number of trips, hours of riding, or miles traveled), an important factor in assessing personal risk, could not be considered. The lack of exposure data may lead to underestimating true risk for the younger age groups since they generally do not own or spend as much time or distance on motorcycles as their older counterparts.
Conclusions
As the number of youth motorcycle crashes increases so does the burden of the related deaths and serious injuries to the victims, families and society. Effective prevention efforts to reduce the risk of crashes and injury among youth, as in adult riders, are needed. Traumatic brain injuries, whether they occur in traffic or non-traffic settings, are of particular concern because of their long-term impacts and high mortality risks.
